ABSTRACT Previous studies indicate subterranean termite protist communities are qualitatively similar within termite species but differ in relative species abundance between castes. We investigated protist communities from four castes of Reticulitermes flavipes (Kollar), Reticulitermes virginicus (Banks), and Reticulitermes hageni Banks. We used a standardized counting technique and found termite workers and early stage nymphs had the largest population of protists, followed by soldiers and alates. R. flavipes workers averaged 59,000 ßagellates compared with 21,000 in R. hageni and 14,000 in R. virginicus. We recorded two new genera, Microjoenia Grassi and Monocercomonas Grassi, from R. virginicus. We identiÞed eight protist species from R. hageni, whereas only four have been previously noted. This is the Þrst report of Dinenympha fimbriata Kirby, Holomastigotes elongatum Grassi, Monocercomonas Grassi, Pyrsonympha minor Powell, Spirotrichonympha flagellata (Grassi), and Trichonympha agilis Leidy from R. hageni. Across all termite species, we found that workers, nymphs, and soldiers had similar relative protist species abundances, with alates being different. The results also demonstrated the utility of using the relative abundance of indicator protist species to identify these three subterranean termite species. The presence of Dinenympha gracilis can be used to distinguish R. flavipes from R. virginicus and R. hageni. R. virginicus has a greater abundance of T. agilis, compared with the other two termite species. The relative abundance of D. fimbriata and Pyrsonympha from R. hageni is greater than those found in both R. flavipes and R. virginicus.
LOWER TERMITES FROM THE FAMILY Rhinotermitidae have obligate symbiotic protists (Oxymonadida, Trichomonadida, and Hypermastigida) that are important for proper digestion of cellulose and therefore termite health (Cleveland 1924 (Cleveland , 1925aÐ c, 1928 Trager 1934) . The symbiotic protists found in lower termites represent distinct communities that are speciÞc to each termite species (Kirby 1937 , Honigberg 1970 . It has been hypothesized that protist communities could be used in termite identiÞcation (Brown 1930a , Kirby 1937 , Dropkin 1944 , Cook 1996 ; however, this approach has not gained acceptance. Termite species identiÞcation relies on imago or soldier morphology Su 1994, Hostettler et al. 1995) , the former caste being seasonal, whereas the latter is represented in Ͻ3% of a termite population (Howard and Haverty 1980, 1981) , and as such, presents problems in ecological research on subterranean termites (Collins 1988 , Haverty et al. 1996 . Termite protists were Þrst described from the eastern subterranean termite, Reticulitermes flavipes (Kollar), by Leidy in 1877. In the past 70 yr, the taxonomic status of protist species from Reticulitermes hosts has been described and revised several times (Leidy 1877 (Leidy , 1881 Grassi 1879 Grassi , 1892 Grassi , 1917 ; Grassi and Sandias 1893; Koidzumi 1916 Koidzumi , 1917 Kirby 1924; Grassé 1924, 1928; Powell 1928; Brown 1930a Brown , b, 1931 Boykin et al. 1986 ). IdentiÞcation of termite protists is based on cell morphology and was driven by the assumption that protists were speciÞc to the host species (Kirby 1937) . Some of the characters used include cell size and shape, ßagellar numbers, axostyle, and the presence of an undulating membrane (Koidzumi 1921 , Honigberg 1963 , Kudo 1997 .
Eleven protist species have been described from R. flavipes (Yamin 1979) . They are Dinenympha fimbriata Kirby 1924, D. gracilis Leidy 1877 , Holomastigotes elongatum Grassi 1892, Microjoenia fallax (Dubosq and Grassé 1928) , Monocercomonas sp. Grassi 1879, Pyrsonympha major Powell 1928 , P. vertens Leidy 1877 , Spironympha kofoidi Koidzumi 1917 , Spirotrichonympha flagellata (Grassi 1892) , Trichomitus trypanoides (Dubosq and Grassé 1924) and Trichonympha agilis Leidy 1877) . In addition, Mannesmann lists an unidentiÞed Spirotrichonympha sp. from R. flavipes (1974) , but he does not provide descriptions or Þg-ures. There are six protists described from the dark southern subterranean termite, Reticulitermes virginicus (Banks) (Cook and Gold 2000) . They include Dine-nympha fimbriata, Holomastigotes elongatum, Pyrsonympha minor Powell 1928 , Spironympha kofoidi, Spirotrichonympha flagellata, and Trichonympha agilis.
The four protists described from the light southern subterranean termite, Reticulitermes hageni Banks, are Microjoenia pyriformis Brown 1930b, Spirotrichonympha kofoidi (Duboscq and Grassé 1928) , Spirotrichonympha gracilis Brown 1930a, and S. pulchella Brown 1930a . Two Spirotrichonympha species from R. hageni were proposed by Brown 1930a based on differences in morphology of the ßagellar bands (Brown 1930b ). She did not believe Spirotrichonympha flagellata was in R. hageni based on cell size and ßagellar band arrangement (Brown 1930b) .
The different species within the termite protist community are involved in distinct roles in cellulose degradation (Hungate 1943; Mauldin et al. 1972; Smythe and Mauldin 1972; Lai et al. 1983; Yoshimura et al. 1993a Yoshimura et al. , b, 1996 . Trichonympha agilis and Dinenympha fimbriata are thought to be cellulolytic, because wood fragments are observed in food vacuoles, and these cells are the Þrst eliminated in starvation experiments (Cleveland 1925a, Grosovsky and Margulis 1982) . Pyrsonympha vertens and Spirotrichonympha sp. also have been observed with wood fragments in the cytoplasm (Cleveland 1925a ), but these genera disappear, during starvation of the host, after the aforementioned protists and therefore are considered facultatively cellulolytic (Grosovsky and Margulis 1982; Cook and Gold 2000) . Protists that are less sensitive to termite starvation and do not ingest wood fragments are thought to be involved in the later stages of cellulose degradation. These include D. gracilis, Holomastigotes spp., P. major, P. minor, and Spironympha spp. (Cleveland 1925a , Grosovsky and Margulis 1982 , Azuma et al. 1993 , Cook 1996 . Protists that are not affected by termite starvation are assumed to be unimportant in termite nutrition. These include representatives from the genera Microjoenia, Trichomitus, and Monocercomonas (Cleveland 1925a, Grosovsky and Margulis 1982) .
The members of the protist community within a termite species are qualitatively similar (Dropkin 1944; Mannesmann 1970 Mannesmann , 1972 To et al. 1980) . However, protist species abundance can differ between castes (Cleveland 1925a, Cook and Gold 1998) . Cleveland (1924a) , working under the assumption that termite castes are fed different diets, hypothesized that the differences in protist communities are the result of the roles each protist species has in cellulose metabolism. He hypothesized that the amount of wood eaten by the different castes also should indicate which protists were most involved in cellulose digestion (Cleveland 1925a) . Workers are the initial consumers of wood (McMahan 1969 , Honigberg 1970 , and they feed the other castes (Grassé and Noirot 1945 , McMahan 1969 , Noirot and Noirot-Timothee 1969 . Early stage nymphs ingest wood (Cleveland 1925a) , and soldiers rely on workers for proctodeal food (Cleveland 1925a, La Fage and Nutting 1978) . By using this rationale, early stage nymphs, soldiers, and workers should have similar protist communities. Reproductives are fed stomodeal food from the worker caste, containing undigested wood fragments along with salivary gland secretions that are high in lipids and proteins (La Fage and Nutting 1978) , suggesting a different protist community.
There have been several techniques used to observe symbiotic protists outside the termite host (Mannesmann 1969 (Mannesmann , 1970 Mauldin et al. 1981; Howard 1984; Cook and Gold 1998 , 1999 , 2000 . The use of disparate enumeration techniques makes comparisons between studies difÞcult, and the lack of dichotomous keys for termite protist discourages inquiry. We found one study quantifying protist communities between worker, soldier, and alate castes from R. flavipes (Cook and Gold 1998) , one from workers and soldiers from R. virginicus (Cook and Gold 1998) , and none from R. hageni.
In this study, we compared protist communities, by using a standardized counting technique, from the worker, early stage nymph, soldier, and alate castes of three termite species: R. flavipes, R. virginicus, and R. hageni. Nymphs and reproductives are found seasonally (Howard and Haverty 1981) , and as such, termite populations were sampled when those castes were present. No attempt was made to look at seasonal variation. We propose that termite species identiÞca-tion can be accomplished using workers when the seasonal castes are not present.
Materials and Methods
Insects. Alates, early stage nymphs (sixth-seventh instar), workers (fourth instar and older), and soldiers (as identiÞed in Buchli 1958) of R. flavipes, R. virginicus, and R. hageni were collected from Athens, Clarke County, and Sapelo Island, McIntosh County, Georgia. We sampled a total of six R. flavipes, six R. virginicus, and two R. hageni populations collected from Þeld sites, which were separated by at least 100 m, as described by Forschler and Townsend (1996) (Table 1) . Alates of the three species were collected before their nuptial ßights in February or March, June, and August 2003, respectively. In addition, we sampled a R. hageni laboratory colony collected from Barnesville, Union County, Georgia, that was established in July 1996 from a pair of alates. Once collected, termites were maintained in an environmental chamber at 24ЊC in complete darkness (Polizzi and Forschler 1998) . All protist counts included in the study were made within 24 h of collecting the termites.
Termites chosen for protist counts were randomly selected with the exception of worker termites, where only those with dark brown, distended abdomens were used to ensure they had not recently molted. The number of individual termites examined within each caste varied according to availability per collection site (Table 1) .
Termites were identiÞed to species by using dichotomous keys to the soldier and alate castes (Scheffrahn and Su 1994) . Termite voucher specimens were preserved in 100% ethanol, and images of protists were acquired using a Leica microscope at 400ϫ magniÞ-cation equipped with an AxioCam digital camera. These were stored at the University of Georgia Museum of Natural History.
Counting Protists. Termite hindguts were removed from all castes by gently holding the termite by the thorax and removing the last two abdominal segments by using Þne-tipped forceps and a gentle pulling motion. The gut contents from Þve termites, when available, were pooled to form a sample for each termite species or caste comparison (Table 1) . Samples were homogenized in a saline solution by using a disposable pestle for 15 s in a 1.5-ml microcentrifuge tube. We used Trager U saline solution (Trager 1934 ) pH 6.8 Ð 7.2, sparged with a nitrogen gas mixture (92.5%N 2 , 2.5% H 2 , and 5% CO 2 ) at 1 liter/min for 5 min (Lewis and Forschler 2004) . Workers, nymphs, and soldiers were placed in 250 l of the sparged saline solution, whereas alates were placed in 60 l of saline solution. When the number of termites representing a single caste from a collection site was less than Þve, we used one termite in 100 l (Table 1) . Ten microliters of the resulting solution, for all samples, was loaded into a hemacytometer (Neubauer, Brightline, Horsham, PA). Protists were identiÞed and counted from 0.4 l for workers, nymphs, and soldiers and 0.5 l for alates. The estimated population of each protist species per termite were calculated using the following formula: (number of cells counted * volume saline solution in original sample)/(volume on the hemocytometer from which cells were counted * number of termites per original sample).
Statistical Analysis. Differences in the total protist population and relative species abundance were tested by analysis of variance (P Յ 0.05) between castes of R. flavipes, R. virginicus, and R. hageni. In addition, we compared the relative abundance of proposed indicator protist species from the worker caste, which we believe can be used in termite identiÞcation.
The assumption of normality was tested within a given species and caste combination. Variances were proportional to the size of the mean, and therefore a logarithmic transformation of the total protist population and arcsine transformation of the relative abundance was used (Steel and Torrie 1960) . SigniÞcant differences between the means were separated using DuncanÕs multiple range test (P Յ 0.05). All statistical analyses were done using Statistica for Windows Package (StatSoft Inc. 2001) . However, data provided in the tables and Þgures are untransformed data for interpretation.
Results
Protist Species Identification. We identiÞed 11 ßagellate species from R. flavipes (Fig. 1 ), which were consistent with previous reports (Table 2) . They were D. fimbriata, D. gracilis, H. elongatum, M. fallax, Monocercomonas sp., P. major, P. vertens, S. kofoidi, S. flagellata, T. trypanoides, and T. agilis (Fig. 1) .
We identiÞed eight protist species from R. virginicus ( Fig. 2 ; Table 2 ). The protist species recorded in our examination of R. virginicus were D. fimbriata, H. elongatum, Microjoenia sp. Grassi 1892, Monocercomonas sp., P. minor, S. kofoidi, S. flagellate, and T. agilis (Fig.  2) . This is the Þrst mention of the genera Microjoenia and Monocercomonas in R. virginicus (Table 2) .
We identiÞed eight protist species from R. hageni ( Fig. 3 ; Table 2 ), and these were qualitatively similar to R. virginicus (Fig. 2) . We found M. pyriformis as described from R. hageni (Brown 1930b ). However, we were not able to distinguish S. gracilis, S. pulchella, and S. kofoidi from R. hageni as described by Brown (1930a) , and it is our opinion that based on their morphology, they are H. elongatum, S. kofoidi, and S. flagellate, respectively. We also report for the Þrst time the presence of D. fimbriata, H. elongatum, Monocercomonas sp., P. minor, and T. agilis from R. hageni (Table 2) . Total Protist Population. Total protist population estimates were signiÞcantly different between castes of all three termite species; R. flavipes (F ϭ 315.85; df ϭ 3, 90; P ϭ 0.000), R. virginicus (F ϭ 219.85; df ϭ 3, 90; P ϭ 0.000), and R. hageni (F ϭ 178.43; df ϭ 3, 26; P ϭ 0.000) (Fig. 4) . Protist population estimates were greatest in the worker and nymphal castes across all termite species followed by the soldier and alates (Fig.  4) . Workers and early stage nymphs of R. flavipes averaged 58,369 Ϯ 16,021 symbionts per termite. This estimate was 3 times greater than the protist populations counted in nymphs and workers from R. virginicus and R. hageni (Fig. 4) . Total protist population estimates in soldiers were 22,576 Ϯ 6,998 protists per termite for R. flavipes and this was signiÞcantly greater than the 7,905 Ϯ 2,231 from R. virginicus and the 12,771 Ϯ 3,176 from R. hageni. Alate protist population estimates were signiÞcantly less than the other termite castes (Fig. 4) , with an average of 2,541 Ϯ 1,308 from R. flavipes, 1,574 Ϯ 642 from R. virginicus, and 2,052 Ϯ 532 from R. hageni.
Relative Species Abundance between Termite Castes. All protist species described from R. flavipes were present in our examination of workers, nymphs, and soldiers. However, we did not observe T. trypanoides in alates (Table 3 ). The relative protist species abundance between the worker and nymphal castes of R. flavipes were different only for Monocercomonas (Table 3 ; F ϭ 4.230; df ϭ 3, 90; P ϭ 0.0076) with signiÞcantly fewer found in nymphs than work- 
ers. Soldiers had a similar relative protist species abundance with those of the worker and nymphal castes, yet soldiers had signiÞcantly more P. vertens (F ϭ 3.410; df ϭ 3, 90; P ϭ 0.0209) and fewer T. agilis (F ϭ 4.691; df ϭ 3, 90; P ϭ 0.0043) ( Table 3 ). In R. flavipes alates, the relative abundance of D. fimbriata (F ϭ 13.657; df ϭ 3, 90; P ϭ 0.000), H. elongatum (F ϭ 10.442; df ϭ 3, 90; P ϭ 0.000), M. fallax (F ϭ 15.907; df ϭ 3, 90; P ϭ 0.000), S. kofoidi (F ϭ 8.409; df ϭ 3, 90; P ϭ 0.000), and S. flagellata (F ϭ 11.132; df ϭ 3, 90; P ϭ 0.000) were signiÞcantly less and D. gracilis (F ϭ 14.973; df ϭ 3, 90; P ϭ 0.000) greater than in the other castes (Table 3) . Each of the protist species identiÞed from R. virginicus were represented in all of the castes sampled (Table 4) . Workers, nymphs, and soldiers of R. virginicus had similar relative protist species abundances.
However, workers differed from nymphs and soldiers in having fewer D. fimbriata and P. minor and more H. elongatum (Table 4 ). The relative species abundances between nymphs and soldiers differed because Monocercomonas was less abundant in nymphs (Table 4 ; F ϭ 16.030; df ϭ 3, 90; P ϭ 0.000). Alates had a signiÞcantly greater relative abundance of Microjoenia sp. (F ϭ 18.756; df ϭ 3, 90; P ϭ 0.000), Monocercomonas sp. (F ϭ 16.030; df ϭ 3, 90; P ϭ 0.000), and S. kofoidi (F ϭ 7.507; df ϭ 3, 90; P ϭ 0.000), compared with the other castes (Table 4 ). There was a smaller relative abundance of D. fimbriata (F ϭ 15.635; df ϭ 3, 90; P ϭ 0.000), P. minor (F ϭ 53.052; df ϭ 3, 90; P ϭ 0.000), and S. flagellata (F ϭ 31.360; df ϭ 3, 90; P ϭ 0.000) in R. virginicus alates compared with workers, nymphs, and soldiers (Table  4 ). In addition, there was a smaller relative abundance of Trichonympha agilis in R. virginicus alates compared with workers (Table 4 ; F ϭ 7.766; df ϭ 3, 90; P ϭ 0.000).
The protist species recorded from R. hageni (Table  5) were represented in all castes examined, except that Monocercomonas sp. and S. kofoidi were absent from the alates. Alates had a greater relative abundance of D. fimbriata (Table 4 ; F ϭ 6.180; df ϭ 3, 26; P ϭ 0.002) and T. agilis (Table 4 ; F ϭ 11.401; df ϭ 3, 26; P ϭ 0.000) and fewer H. elongatum (Table 4 ; F ϭ 3.591; df ϭ 3, 26; P ϭ 0.027), M. pyriformis (Table 4 ; F ϭ 3.000; df ϭ 3, 26; P ϭ 0.049), P. minor (Table 4 ; F ϭ 4.430; df ϭ 3, 26; P ϭ 0.012), and S. kofoidi (Table 4 ; F ϭ 11.011; df ϭ 3, 26; P ϭ 0.000) than the other castes (Table 5 ). In R. hageni, the relative abundance of many of the protist species in workers was comparable to the other castes (Table 5 ). Yet, there was signiÞcantly more D. fimbriata in workers compared with soldiers (Table 5) . Nymphs and soldiers of R. hageni had similar relative protist species abundance but provided more Monocercomonas and less M. pyriformis in soldiers compared with nymphs (Table 5) .
Relative Species Abundance in Termite Workers. The relative species abundance of D. fimbriata (F ϭ 106.73; df ϭ 3, 84; P ϭ 0.000), D. gracilis (F ϭ 1432.59; df ϭ 84; P ϭ 0.000), Pyrsonympha species (F ϭ 37.401; df ϭ 3, 84; P ϭ 0.000), and T. agilis (F ϭ 104.35; df ϭ 3, 84; P ϭ 0.000) was different between workers of R. flavipes, R. virginicus, and R. hageni (Table 6 ). D. fimbriata was found in greater abundance in workers of R. hageni (27.20 Ϯ 9.03%) than R. flavipes (10.77 Ϯ 6.77%) and R. virginicus (1.56 Ϯ 2.01%) ( Table 6 ). The relative abundance of D. gracilis was 57.20 Ϯ 11.43% in R. flavipes, and this protist was not found in R. virginicus and R. hageni, making it an ideal indicator species. Pyrsonympha was more abundant in R. hageni (29.29 Ϯ 14.79%) compared with R. virginicus (5.97 Ϯ 6.54%) and R. flavipes (7.90 Ϯ 2.18%). Workers of R. virginicus had 19.23 Ϯ 5.49% T. agilis, which was signiÞcantly Ͼ3.67 Ϯ 2.54% from R. flavipes, or 6.69 Ϯ 5.43% from R. hageni (Table 6 ).
Discussion
Our study is the Þrst to compare the protist communities of Reticulitermes from the southeastern United States. We observed all eleven protist species previously described from R. flavipes (Yamin 1979) but did not Þnd the undescribed "Spirotrichonympha species" mentioned by Mannesmann (1974) (Table  2 ). The most recent review by Cook and Gold (2000) mentioned six protist species from R. virginicus. We identiÞed eight protist species from R. virginicus and report the presence of two genera, Microjoenia Grassi and Monocercomonas Grassi, for the Þrst time (Table  2 ). There were four protist species, S. kofoidi, S. gracilis, S. pulchella, and M. pyriformis, described from R. hageni (Brown 1930a, b ), but we recorded eight from that termite species (Table 2 ) and believe the community is qualitatively similar to that from R. virginicus (Figs. 2Ð3) . Our attempt at protist species identiÞca-tion was hampered, because there is no morphometric guide or a dichotomous key to these symbionts in subterranean termites. Protist identiÞcation continues to rely on species descriptions that were last revised Ͼ60 yr ago (Brown 1931) .
There is some confusion concerning the protist species described from R. hageni based on the work of Brown (1930a) . She listed S. kofoidi and described two additional species, S. pulchella and S. gracilis, from R. hageni. Brown (1930a) used Duboscq and Grassé (1928) for morphological descriptions of S. kofoidi and S. flagellate and not the original species descriptions (Grassi 1892 (Grassi , 1911 Koidzumi 1917) . Therefore, we describe her S. kofoidi as S. flagellata (Grassi 1892 ) and her S. pulchella as S. kofoidi (Koidzumi 1917) , based on a comparison of her descriptions with the earlier, unrevised work of Koidzumi (1917) and Grassi (1892 Grassi ( , 1911 and a later revision by Brown (1930a) . We also determined S. gracilis, as described by Brown (1930a) , to be H. elongatum Grassi 1892, which are easily distinguished by the photographs provided in Figs. 1Ð3.
Our protist population estimates were greater than those previously reported from R. flavipes workers, which range from 40,083 Ϯ 3,643 (Mannesmann 1969) to 32,320 (Mauldin et al. 1981 ), 31,120 Ϯ 8,405 (Howard 1984 , and 14,642 Ϯ 3,395 (Cook and Gold 1999) . The one study comparing protist populations in castes of R. flavipes reported similar numbers to our estimates in the alate caste (2,541 Ϯ 1,309 per alate) (Cook and Gold 1998) . In R. virginicus, we counted 14,412 Ϯ 3,552 protists per worker and 7,905 Ϯ 2,231 protists per soldier. These estimates were comparable to those reported from R. virginicus by Cook and Gold (2000) . Our total protist population estimates from R. flavipes, R. virginicus, and R. hageni were greatest in workers and early stage nymphs followed by soldiers and alates (Fig. 4) . Cook and Gold (1998) reported the same trend in R. flavipes. Cook and Gold (2000) also found that R. virginicus had larger protist populations in the worker caste compared with the soldier caste. We report for the Þrst time protist population estimates for R. hageni, with 20,779 Ϯ 3,582 from workers, 18,875 Ϯ 2,973 from nymphs, 12,771 Ϯ 3,176 from soldiers, and 2,052 Ϯ 532 from alates.
The difference in protist population estimates between the various authors who have published on this topic with those of ours can be explained in a number of ways. Estimates from R. flavipes could be less than ours because previous authors did not include T. trypanoides, Monocercomonas sp. and M. fallax in their protist estimates (Mannesmann 1969 , Mauldin et al. 1981 , Howard 1984 , Cook and Gold 1999 . However, when we remove those species from our estimate, our estimates were still larger (52,816 Ϯ 14,089). Another explanation is that we used a nitrogen-sparged saline solution that extends cell life under microscopic examination, with 89% of the initial number remaining alive after 20 min compared with 5 min with regular saline (Lewis 2003) . A plausible explanation involves the counting techniques used in past studies. Protist population estimates reported in the literature do not use an anoxic saline solution and if those counts took Ͼ5 min (something we cannot discern from the literature), our previous work demonstrates that protists numbers are lower because of cell death on the counting platform (Lewis and Forschler 2004) .
Protist communities are said to be qualitatively similar between castes within a termite species (Kirby 1937 , Honigberg 1970 . Less abundant protist species are, however, occasionally absent from samples used to estimate protist populations (Cleveland 1925a , Honigberg 1970 , Smythe 1972 ). We did not observe certain protist species found in low proportions in the worker caste when examining alates of R. flavipes Table 5 . Relative species abundance (؎SD) by protist species between castes of R. hageni (Table 3 ) and R. hageni (Table 5) . T. trypanoides were Ͻ1% of the protist community in workers, nymphs, and soldiers of R. flavipes and were not found in alates (Table 5 ). Our R. hageni alate samples did not contain Monocercomonas and S. kofoidi, but these protists were present in the other castes.
Relative protist species abundances vary between castes within a termite species (Cleveland 1925a, Cook and Gold 1998) , because protists are involved in separate stages in cellulose degradation (Cleveland 1924) . Under this assumption, the amount of wood eaten by the different castes should indicate which protists are involved in cellulose digestion. Our Þnd-ings agree with previous studies (Cleveland 1925a; Cook and Gold 1998, 2000) . We found workers, early stage nymphs, and soldiers had similar relative species abundance, suggesting they have a similar diet. In our study, we found alates had a signiÞcantly different relative abundance of protist species compared with the other castes. R. flavipes alates have signiÞcantly fewer D. fimbriata, H. elongatum, S. flagellata, M. fallax, and S. kofoidi and a greater abundance of D. gracilis (Table 3) . R. virginicus alates not only had smaller proportions of D. fimbriata and S. flagellata, like R. flavipes, but also fewer P. minor (Table 4) . This is the Þrst study to look at castes of R. hageni, and the alate caste had a smaller proportion of H. elongatum, P. minor, and S. kofoidi and greater proportions of D. fimbriata and T. agilis than the other castes (Table 5) . We observed wood fragments from within worker, nymph, and soldier hindgut samples, but wood was never observed within the alate guts. Alates have been observed taking stomodeal food from workers and do not seem to ingest wood until after swarming (La Fage and Nutting 1978) , supporting that they are fed a different diet and should have a different protist community.
It has been hypothesized that the protist community structure might be used for termite identiÞcation (Brown 1930a , Dropkin 1944 , Cook 1996 . Our results highlight the potential of using the relative abundance of proposed protist species for identiÞcation of live Reticulitermes workers to species (Table 6 ). The relative abundance of D. gracilis representing 57.20 Ϯ 11.43% of the protist population in R. flavipes can easily distinguish this termite species because that protist is not found in R. hageni and R. virginicus. D. fimbriata from R. hageni was represented in 27.20 Ϯ 9.03% of the total population, whereas it is found in lower proportions in both R. flavipes (10.77 Ϯ 6.77%) and R. virginicus (1.57 Ϯ 2.01%). R. hageni also can be distinguished from the other termite species sampled by the relative abundance of Pyrsonympha, with 29.29 Ϯ 14.79% in R. hageni compared with 7.90 Ϯ 2.18% in R. flavipes and 5.97 Ϯ 6.54% in R. virginicus. The abundance of T. agilis in R. virginicus is 19.23 Ϯ 5.49% and is signiÞcantly Ͼ3.67 Ϯ 2.54% from R. flavipes and 6.69 Ϯ 5.43% from R. hageni and should be considered another indicator group (Table 6) . Using the counting technique described in this article, we have demonstrated that the relative abundance of proposed indicator protist species D. gracilis, D. fimbriata, Pyrsonympha spp., and T. agilis from the termite worker hindgut can be used to separate the termite species R. flavipes, R. hageni, and R. virginicus.
These studies also illustrate the need to revisit the taxonomy of termite protist species. Molecular markers may aid in future studies of termite protists yet a visual, morphometric key would invariably encourage more enquiries into this important symbiotic relationship. Our studies also show the potential of using the termite protist communities to identify subterranean termite species reported from the southeastern United States by using the most numerous caste, the worker. Additional studies looking at termite populations from other parts of the country are needed to verify the utility of this technique on a broader scale.
